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Introduction
Due to its unique capability of providing near-quantitative compositional and layer
structure information during depth profiling analysis, in favourable cases, with sub-
nanometre resolution,medium energy ion scattering (MEIS) is becoming increasingly
important to the characterisation of microelectronic device structures in which
scaling laws have demanded the growth and doping of layers of nanometre
thickness. Here we assess the quantitative accuracy in terms of both depth and
concentration, that can be achieved in MEIS depth profiling.


























[ε(E)]	is	called	the	stopping	cross-section	factor	(Chu	et	al.):𝜺 𝑬 = 	 𝑲𝒄𝒐𝒔𝜽𝒊𝒏 	 𝟏𝑵 𝒅𝑬𝒅𝒙7𝑬 + 𝟏𝒄𝒐𝒔𝜽𝒐𝒖𝒕 	 𝟏𝑵 𝒅𝑬𝒅𝒙7𝒌𝑬 (4)
The	term	D is	given as: 𝑫 = 𝜺(𝑬) 𝑵𝝉																																																						 (5)
N is	the	atom	density	and t the	thickness	of	the	surface	layer	across	which	an	ion	will	
lose	the	energy	equivalent	to	the	width	of	a	single	bin	within	the	detection	system.
For	scattering	at	the	top	surface	E	=	E0 and	Eout =	KE0 so	that	the	final	term	in	eq.	(3)	
disappears;	the	yield	off	the	surface	is	then:𝑯 𝑲𝑬𝟎 = 𝝈 𝑬𝟎 	𝛀	𝚽 𝑫[𝜺 𝑬𝟎 ]	𝒄𝒐𝒔𝜽𝒊𝒏 (6)
The	change	in	yield	due	to	scattering	off	atoms	at	depth	x as	a	ratio	to	scattering	off	






here.	The	benefit	of	the	power	law	eq.(1)	is	now	clear	since:[𝜺 𝑬𝟎 ][𝜺 𝑬 ] = 𝑬𝟎𝑬 𝑩				and 𝜺 𝑲𝑬𝜺 𝑬𝒐𝒖𝒕 	= 𝑲𝑬𝑬𝒐𝒖𝒕 𝑩		
so	that	eq.	(7)	reduces	to: 𝑯(𝑬𝒐𝒖𝒕)𝑯(𝑲𝑬𝟎) = 		 𝑬𝟎𝑬 𝟐 . 	 𝑲𝑬𝟎𝑬𝒐𝒖𝒕 	𝑩	 (8)
I.e.	deviations	from	the	energy	dependence	of	the	yield	according	to	the	Rutherford	
prediction	(1st term	eq.	(8))	scale	with	the	inverse	ratio	of	the	energies	at	the	detector



























Eq.(1)	enables	a	fully	analytical	conversion	of	inelastic	energy	loss	to	pathlength:𝒑𝒂𝒕𝒉𝒍𝒆𝒏𝒈𝒕𝒉 = 	∫ 𝟏Q𝒅𝑬 𝒅𝒙R𝑬𝒇𝒊𝒏𝒊𝒔𝒉𝑬𝒔𝒕𝒂𝒓𝒕 	𝒅𝑬 = 𝟏𝟏U𝑩 𝑨 𝑬𝒔𝒕𝒂𝒓𝒕𝟏U𝑩 − 𝑬𝒇𝒊𝒏𝒊𝒔𝒉𝟏U𝑩 (2)
Example:	100	&	200	keV He+ ions	
incident	on	a	28Si	(100)	surface,	
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Hf:O =	1:2	stoichiometric	(≤ 2%) HfSiO2 layer:	1.4	nm	- 1.6	nmHf:Si =	0.6/0.4	(≤ 2%)

























STO (Sr rich)          TiN                 Si(100)   
3 nm                       3 nm 
(b)























TiN                   SiO2    Si(100)
3 nm                1 nm 
(b)











































































HfO2           SiO2       Si(100)    
2 nm          1 nm    
Nominal layer structure:




















































HfSiO2          SiO2     Si(100)
2 nm            1 nm    
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 H eq. (13)
 H Kitsudo
 H Rutgers 
 He FOM
 He eq. (13)
 He Si  Kitsudo
 He SiO2 Kitsudo
 He HOPG Kitsudo
 He Ni Kitsudo
 He Au Kitsudo
 H Marion & Young





Following	Andersen	[Phys	Rev	A21	(1980)1891]	for	a	screened	Coulomb	potential:𝑉 𝒓 = 𝒁𝒊𝒁𝒕𝒆𝟐𝒓 𝛗 𝒓𝒂 (9)
Zi and	Zt are	the	atomic	numbers,	𝜑	(r/a)	is	the	so-called	screening	function	and	
a	is	 the	screening	length,	that	depends	on Zi and Zt .	At	r	=0,	𝜑	=1	(Coulomb	pot.).	
Expanding	𝜑 near	r	=0	to	first	order	in	a	Taylor	series	yields:𝝋 𝒓𝒂 ≈ 𝟏 + 𝒓𝒂	?̇?(𝟎) (10)
with	?̇? 0 	the	gradient	of	the	screening	function	r	=	0.	Inserting	eq.	(10)	into	eq.	(9)	
gives: 𝑉 𝒓 = 𝒁𝒊𝒁𝒕𝒆𝟐𝒓 	+𝒁𝒊𝒁𝒕𝒆𝟐𝒂 =	𝑽𝒄𝒐𝒖𝒍𝒐𝒎𝒃+ 	𝑽𝒄𝒐𝒏𝒔𝒕																								 (11)	?̇? 0 is	negative;	screening	decreases the	Coulomb	potential	by	a	constant	amount.	
Andersen	et	al.	incorporated	this	by	increasing the	kinetic	energy	of	the	projectile	
in	the	CoM system	by	exactly	the	same	amount.	
E is	now	replaced	by	 E+Vconst in	the	Rutherford	cross	section.		The	net	effect	is	to	
decrease	the	scattering	cross	section	progressively	with	increasing	Zt.	




• 100	keV He+	ions	@	90o off	depth	40	nm





























































50	- 200	keV H+ or	
He+ ions	off	
shallow	implants,	
nanometre thin	
overlayers and	thin	
films	on	top	of	a	Si	
(100)	surface.Detector
x
